Objective: To determine the effectiveness of peri-operative halo-femoral traction in the management of severe scoliosis and kyphoscoliosis -A retrospective review.
INTRODUCTION
The instrumentation utilized in scoliosis correction has evolved over the last several decades (1) (2) . The insidious nature of this spinal pathology encouraged the advent of international scoliosis screening programs (3). Locally we depend on the district health visitor, parents, community doctors or the patients' themselves to detect any spinal deformity. An investigation of a specific population of subjects in Trinidad and Tobago using moiré topography estimated an incidence rate of 0.2% after secondary screening in the Princess Elizabeth Home (PEH) (4).
Scoliosis is defined as a lateral curvature of the spine greater than 10 degrees accompanied by vertebral rotation (5) . It is a multi-planar spinal deformity characterized by a lateral curvature in the coronal plane, lordosis in the sagittal plane and rotational abnormality in the axial plane (6) . Curve magnitude is a risk factor for curve progression (5-11). The measurement of Cobb's angle in the coronal plane after x-ray AP (antero-posterior) or PA (postero-anterior) imaging determines curve size (12) . A severe curve that is allowed to progress can eventually result in serious morbidity and may even cause death (13) (14) .
Spinal instrumentation and fusion is typical in the surgical treatment of severe scoliosis as it enhances fusion and caters for deformity correction (1)(2). A useful adjunct to posterior spinal instrumentation for deformity correction is halo-femoral traction (15) (16) (17) (18) (19) . However surgery is sometimes accompanied by its associated complications. These include bleeding, infection, nerve injury, progression of deformity, pseudo-arthrosis and deep vein thrombosis (DVT) (1). These potential complications are reduced by anaesthetic and surgical principles and techniques (1) (20) .
The aim of this study is to retrospectively analyze the case records and radiographs of severe scoliosis patients treated with peri-operative halo-femoral traction before spinal instrumentation to determine its effectiveness. To date there is no similar study done in the West Indies.
METHODS

Study design and Population
We carried out a retrospective analysis of patients' records and radiographs following Halo- 
Details of retrospective review
The case notes for aforementioned subjects with severe scoliosis and kyphoscoliosis were studied. The notes studied were based on hospital records, standing pre-operative anteroposterior (AP) radiographs, post traction radiographs, immediate post operative AP x-rays and one year follow up x-rays. The primary outcome measure was coronal curve correction (Cobb's angle) immediately post operatively after patients received halo-femoral traction. Other endpoints were intra-operative time and blood loss, coronal curve at one year and post operative complication rates.
Statistical Analysis
All statistical analyses were conducted using SPSS Inc. statistics for windows version 17.0
Chicago SPSS Inc.
Ethical approval
Consent was waivered and permission was obtained from the institutional review board before this project was performed.
RESULTS
The case series consisted of 94 subjects. The mean age at surgery was 17 years (11, 37; SD 4. The average major pre-operative coronal curve magnitude was 87⁰ (60⁰, 130⁰, SD 13⁰).
The mean post traction curve was 58⁰ (20⁰, 100⁰; SD 17⁰) and the mean coronal curve immediately post operatively was 47⁰ (20⁰, 100⁰; SD 16⁰). At 1 year follow up the mean coronal curve was 52⁰ (25⁰, 80⁰; SD 12⁰).
The mean correction after halo-femoral traction was 29⁰ (33%). The mean immediate post operative coronal curve correction was 40⁰ (46%). There was a loss of correction 1 year post operatively averaging 5⁰ (0.1%).
The commonest postoperative complication was hardware migration 8.5 % (8). This was followed by wound infection 5.3% (5), temporary neurologic injury 3.2% (3), curve progression necessitating revision surgery 2.1% (2), deep vein thrombosis/DVT 2.1% (2) and finally crankshaft phenomenon and excessive bleeding 1.1% (1) . (Refer to Table 3 for primary and secondary outcomes)
DISCUSSION
The main findings were as follows, first the major coronal pre-operative curve was 87⁰ in our series. The average curve correction after halo-femoral traction was 29⁰ (33%). Second, after halo-femoral traction, spinal instrumentation and fusion the mean post operative curve was 47⁰.
The average coronal correction post operatively was 40⁰ (46%). Third, at 1 year follow up, the mean post operative curve measured 52⁰. There was a 5⁰ (~0.1%) loss of correction at this point of time. Fourth, the commonest complication encountered in this study was hardware migration 8.5% (8 patients). There were no cases of permanent neurological injury or deaths occurring in this review. reported a coronal curve correction of 46% (38⁰) (15) . Our study was larger (94 patients) than all the aforementioned reports' (33 patients or less).
The mean halo-femoral correction rate was 13.2% in the study done by Zhu ZZ et al (2010) (16) . Our study showed an almost 3 fold increase in halo-femoral correction rate of 33%.
We utilized halo-femoral traction for 12 days on average. Park DK et al (2013) proved that the greatest effect of traction corresponded to 14 days (17) . A prospective cohort study by Zhang HQ et al (2012) had a significant mean intra-operative time of 5.1 hours and blood loss of 1756 ml (19) . We reported a shorter mean operative time of 3.66 hours and a decreased blood loss of 1190 (approximately 600 ml less).
Our follow up period was less than that of the study by 
.
The strengths of this study included the large sample size and the proven benefits of halofemoral traction as an adjunct to major coronal curve corrective surgery (rigid scoliosis curves measuring > 80⁰).
Limitations included the study's retrospective nature, no assessment of flexibility, short follow up period (< 5 years) and no assessment of patient reported outcomes i.e. how surgery affected patients' quality of life.
This is the first study of its kind to be conducted in Trinidad in the field of orthopaedics.
It justifies the efficacy and safety of peri-operative halo-femoral traction in the treatment of severe scoliosis in our population. It confirms the usefulness of adjuncts in scoliosis management together with sell saver techniques and need for spinal monitoring to further reduce complication rates.
The management of severe scoliosis continues to be difficult due to its multi-planar presentation. A useful adjunct to the spinal surgeon's arsenal against major curves is halofemoral traction. When combined with spinal instrumentation and fusion, this treatment protocol is proven to be safe, tolerable and effective in our local setting. Surgeons should also be aware of complications of spinal instrumentation. 
